Congenital pulmonic stenosis is indicated by cardiac catheterization by the finding of a higher systolic pressure in the right ventricle than in the pulmonary artery. Eight cases of uncomplicated pulmonic stenosis are studied. The findings on history, physical examination, x-ray and fluoroscopy, and electrocardiogram have been analyzed and the variations in circulatory dynamics encountered in these individuals are described in detail.
IT IS generally considered that congenital pulmonic stenosis unaccompanied by other cardiac defects is rare. Recently, Greene and coworkers1 have made a complete review of the literature and have collected 68 cases. Their article and the book of Brown2 contain excellent discussions of this disorder.
Cardiac catheterization3 has made possible an accurate recognition of pulmonic stenosis by the finding of a higher systolic pressure in the right ventricle than in the pulmonary artery.4 Pollack, Taylor, Odel, and Burchell5 have recently published a report of 3 cases recognized by this technic, 4 more were reported by Greene and associates', and this paper deals with 8 more cases.
METHODS
Each patient remained in the hospital for at least four days. A history, physical examination, routine laboratory tests, electrocardiogram, x-ray examination, and fluoroscopy of the heart were carried out. Heart sound tracings were obtained in all cases. On the third day, venous catheterization was performed and the diagnostic routine described else-where4 was performed.
The circulatory dynamics of 5 of the patients were studied at rest and also under conditions of From mild and moderate exercise. Pulmonary "capillary" pressure' 7 was recorded with saline and Hamilton manometerss at rest and at the end of three minutes of exercise. The catheter was then withdrawn to a point near the bifurcation of the pulmonary artery. A No. 21 needle was introduced into the brachial artery, its lumen being kept patent by a slow infusion of saline. When pulse and respiration were at the previous resting level, expired air was collected in a Douglas bag for three minutes, blood samples for oxygen content were withdrawn under oil from the pulmonary artery and brachial artery at the one and one-half minute mark, and pressures from pulmonary and brachial arteries were recorded with Hamilton manometers immediately thereafter. A three minute period of mild exercise followed, expired air being collected in a Douglas bag between two and one-half and three minutes and blood samples under oil at two and three-quarter minutes. Pressures were recorded immediately thereafter. After pulse and respiratory rates had returned to the resting level, exactly the same procedure was carried out during a period of more severe exercise.
Exercise was performed with the patient recumbent, pedaling a bicycle wheel at the foot of the fluoroscope. The only change in position between the resting and exercise periods was that of raising the feet 6 to 12 inches so as to clear the table during pedaling. With both exercise periods, the speed was regulated by a metronome at 56 revolutions per minute (R.P.M.). During mild exercise, the resistance to the wheel amounted to 2 pounds; during the more severe exercise, to between 7 and 11 pounds, as noted in table 2. Oxygen content and capacity of blood samples were determined by the method of Van Slyke and Neill. 9 Expired air samples were measured in a Tissot spirometer and analyzed in a Haldane apparatus. Cardiac output was determined by the Fick principle. A general idea of the basality of the individual was obtained by comparing the oxygen consumption by the routine hospital basal metabolism test with that obtained by collecting expired 267 air in the laboratory. The point of zero reference for pressures was 10 em. anterior to the spine with the patient recumbent. Mean pressures were determined by planimetry of Hamilton pressure tracings and by means of a saline manometer. Pulmonary vascular resistance proximal to the capillaries was measured by the following Poisseuille formula: R_ (PAm -PCm) X 1332 CO (cc./sec.) lyne-second-cm.-5 and the resistance to blood flow through the stenotic valve was calculated by the following formula: R_ (RVsn -PAsm) X 1332 CO (cc./sec.) dynie-second-cm.-, where PApa = mean pressure in the pulmonary artery in mm. Hg, PCm = mean pressure in pulmonary "capillaries," RVsm = mean pressure during systolic ejection phase of right ventricle in mm. Hg, PAX. = mean systolic pressure in pulmonary artery in mm. Hg, and CO = cardiac output in c.c./second. The mean pressures were obtained by planimetry of the Hamilton tracings. For the right ventricle, the ejection phase begins at that point on the rising curve which is equal to the diastolic pressure in the pulmonary artery, and ends at that point of the descending curve which is equal to the pressure at the dicrotic notch of the pulmonary artery tracing. For the pulmonary artery, systole begins at the first upstroke and ends with the dicrotic notch. The accuracy of the measurements varies considerably depending on the fidelity of the pressure tracings. The limitations of Poisseuille's law as applied to circulatory problems are appreciated but we believe that such calculations of resistance serve a useful function. CASE 
REPORTS
Case 1. A. J. (P.B.B.H. # 7A778) was a 23 year old automobile mechanic who was found to have a heart murmur at the age of 5. He had always been kept from extreme exertion by his physicians and blueness had been observed by others when he swam for short periods or when he was exposed to cold weather. He had never had any chest pain or symptoms of cardiac failure, rheumatic fever, or subacute bacterial endocarditis. On a moderate degree of exertion he had always noted shortness of breath but had been able to work at his profession without difficulty. On physical examination he was a slight, well-muscled young man with minimal prominence of the left precordium. The blood pressure was 122/68. There was no cyanosis or clubbing. The cardiac rhythm was regular. The apex impulse was 1.0 cm. outside the midelavicular line in the fifth intercostal space. The second sound at the apex was split. The pulmonic second sound and mitral first sound were of normal intensity. In the third left intercostal space there was a Grade 4, rough, medium-pitched, systolic murmur, stopping just before the second sound. There was an accompanying thrill but no diastolic murmur. The systolic murmur was widely transmitted in diminished intensity over the precordium and faintly over the back. The lungs were clear, abdominal examination normal, radial and femoral pulses were strong, veins were not distended, and no edema could be discerned. The Hinton test 'was negative and urinalysis was normal.
The hematocrit was 49 per cent, the hemoglobin 16.5 Gm., the white blood cell count and differential normal, and the routine blood chemistries were normal. X-ray and fluoroscopy revealed a heart of normal size. The pulmonary artery was enlarged and pulsating. The pulmonary vascular markings were within normal limits. The electrocardiogram showed incomplete right bundle branch block. old man in whom a heart murmur had been detected in childhood. He had never had symptoms of rheumatic fever, tuberculosis, or cardiac failure. He had always been fond of sports and was an enthusiastic skier. He had never noticed any decrease in exercise tolerance. Four months before admission, he contracted bacteriologically proven subacute bacterial endocarditis which was treated with penicillin in another city and pronounced cured. Because of difficulty in obtaining jobs with his loud murmur, he came to the Peter Bent Brigham Hospital with the hope of being surgically cured. On physical examination he was a burly, welldeveloped man without cyanosis or clubbing. The heart was not enlarged, the rhythm was normal, and the first sound at the apex was normal as was the aortic second sound. The pulmonic second sound, however, was loud and forceful. A Grade 4 systolic murmur. was heard loudest in the third left intercostal space and was transmitted wvidely over the precordium and back. It was harsh, medium-pitched, and accompanied by a thrill in the pulmonic area. No diastolic murmur was audible. The lungs were clear, neither the liver nor the spleen were palpable, no edema was present, and peripheral pulses were normal. The blood Hinton test was negative, urinalysis was normal, the hematocrit was 47 per cent, the hemnoglobin 16.4 Gm., the white blood count and differential were within normal limits, and routine blood chemistries were not remarkable. X-ray and fluoroscopy of the heart revealed 27 per cent enlargement; both right and left ventricles, and the right auricle appearing larger than normal. The pulmonary artery was definitely enlarged and the pulmonary vascular markings appeared normal. By electrocardiogram, right ventricular hypertrophy was present.
(Case 3. J. AI. (P.B.B.H. # M\I-71368) was a 22 year old engineering student. He had had a known heart murmur. since infancy but aside from slight dyspnea on extreme exertion he had never noticed any exertional limitation. He had never been aware of cyanosis except for one questionable episode during infancy. There had never been symptoms to suggest tuberculosis, rheumatic fever, or subacute bacterial endocarditis. Physical examination revealed a welldeveloped young man without cyanosis or clubbing. The blood pressure was 118/80. The cardiac rhythm was normal. The heart was not enlarged to percussion and the heart sounds were inaudible except at the apex. Elsewhere they were obscured by a Grade 6 systolic murmur, harsh in quality, persisting through systole, and maximal in intensity at the second left intercostal space. Here there was an intense systolic thrill. The lungs were clear to percussion and auscultation and there were no signs of congestive heart failure. Laboratory examinations were negative for abnormality as regards blood Hinton, urinalysis, white blood cell count and differential, and routine chemistries. The hematocrit was 45 per cent and the hemoglobin 16.3 Gm. Roentgenray examination revealed enlargement of the right auricle and ventricle, no enlargement of the pulmonary artery which did, however, pulsate abnormally, and normal pulmonary vascular markings. There was right ventricular hypertrophy by electrocardiogram. old schoolboy who was known to have had a murmur since early childhood. His only cardiovascular disability had been shortness of breath on moderate exertion, as, for example, running from home plate to first base. He had never had any ankle edema, orthopnea, or progression in his shortness of breath. After heavy exertion, he believed his finger nails become blue. There was no history of tuberculosis, rheumatic fever, or subacute bacterial endocarditis. On physical examination the vital signs were normal. Blood pressure was 130/65. He was a well-developed boy and large for his age. There was no cyanosis or clubbing. The heart was not enlarged to percussion but seemed prominent in the fourth left intercostal space. The pulmonic second sound was accentuated and louder than the aortic second sound. The first sound at the apex was accentuated. There was a Grade 3 systolic murmur loudest in the third left intercostal space and of diminished intensity elsewhere over the precordium. The murmur extended throughout systole, did not run through the second sound, and was coarse in quality and of medium pitch. There was no thrill or diastolic murmur. The lungs were clear, liver and spleen were not felt, the femoral pulses were present, and no edema was observed. The Hinton test was negative. The urine was normal. The hemoglobin was 15 Gm., the hematocrit 48 per cent, and routine blood chemistries were normal. X-ray and fluoroscopy revealed heart and lungs to be normal except for enlargement of the pulmonary artery. The electrocardiogram showed incomplete right bundle branich block. year old stenographer who had been found to have a heart murmur at the age of 4 during an attack of scarlet fever. She had never been cyanotic and had lived a normal life without any untoward symptoms. There was nothing in the history to suggest rheumatic fever, subacute bacterial endocarditis, or tuberculosis. Physical examination revealed a normally developed girl without cyanosis or clubbing. There was a well marked sinus arrythmia. The heart was not enlarged by percussion. A high-pitched systolic murmur, Grade 3, was heard maximally in the fourth left intercostal space, just to the left of the sternum, and was transmitted to a lesser degree over the precordium. No diastolic murmur was heard. The aortic second sound was louder than the pulmonic, the latter being of about average intensity. The lungs were clear, abdomen negative, and there was no edema. The femoral arteries had good pulsations. The blood Hinton was negative, urinalysis normal, the blood hemoglobin 13.2 Gm., and the hematocrit 41 per cent. Routine blood chemistries were normal. The only fluoroscopic and x-ray abnormality was an apparent right auricular enlargement. The pulmonary artery was of normal size. The electrocardiogram was suggestive of left ventricular hypertrophy with intraventricular block. Case 6. WX. P. (P.B.B.H. #7A854) was an 11 year old boy who was discovered to have a heart murmur at the age of 2. He had never noted any cardiac symptoms except for slightly more dyspnea, perhaps, than his playmates on extreme exertion. He had never had cyanosis, pain, or symptoms of rheumatic fever, subacute bacterial endocarditis, or tuberculosis. He enjoyed all kinds of sports. On physical examination he was a big, husky, pleasant boy. The blood pressure was 110/60, the precordium was symmetrical, and there was no cyanosis or clubbing. The heart was not enlarged to percussion. The pulmonic first sound was accentuated and palpable. The aortic second sound wvas louder than the pulmonic. There was a Grade 5 medium-pitched systolic murmur maximal at the third left intercostal space, transmitted widely over the precordium and back. There was a pulmonic systolic thrill. No diastolic murmur was heard. The lungs were clear, liver and spleen were not felt, and there was no edema. The urine was normal, hematocrit 45 per cent, hemoglobin 15 Gm., and the Hinton test negative. The right auricle and pulmonary artery appeared enlarged by fluoroscopic and x-ray examination. Pulsations of the pulmonary artery were prominent. There was incomplete right bundle branch block.
Case 7. S. C. (P.B.B H. i 3A124) was a 15 year old girl who was found to hav e a heart murmur at the age of 7. She developed normally, had no physical restrictions, and was always asymptomatic. There was no history of rheumatic fever or bacterial endoclrditis. Cyanosis was denied. On physical examina-tion she was a plump, pleasant young girl without cyanosis or clubbing. The blood pressure was 124/80. There were no arrhythmias or cardiac enlargement. There was a Grade 3 systolic murmur maximal in the second and third left intercostal spaces. There were no thrills or diastolic murmurs. The pulmonic first sound was split and the second sound was accentuated. There were no signs of cardiac failure. Routine blood chemistries were normal. X-ray and fluoroscopic studies of the heart revealed it to be of normal size but the pulmonary artery was enlarged. The pulmonary vascular markings were within normal limits and the electrocardiogram was normal. year old boy who had had a normal birth and whose mother the left sternal border and at the apex. In the pulmonic area, the first sound was loud. The pulmonic second sound was of normal intensity. There was a Grade 2, rough systolic murmur maximal in the second and third left intercostal spaces together with a Grade 2, rather high-pitched, early diastolic murmur in the same area. The lungs were clear, no viscera were felt on abdominal examination, the femoral pulses were strong, and there was no edema. The Hinton test for syphilis was negative, urine normal, hematocrit 45 per cent, and white blood cell count and differential were normal. Routine blood chemistries were within normal limits. X-ray and fluoroscopy of the heart showed it to be of normal size with moderate prominence of the pul- PAn, Denotes mean pressure sn pulmonary artery PA~n Denotes mean systolic pressure in pulmonary artery RVm Denotes mean systolic ejection pressure in right ventricle * These figures were obtained from table 2 in which expired air, arterial, and mixed venous blood samples were obtained simultaneously for calculation of cardiac output. Cardiac outputs in Cases 3, 4, and 5 were determined as described elsewhere3 and are reasonable approximations of the true values. did not recall any virus disease during pregnancy. At the age of 1 year, he was found to have a murmur following an episode of becoming "blue." There was no history of subsequent cyanosis. No history of rheumatic fever, subacute bacterial endocarditis, or tuberculosis was obtained. He grew and developed normally and was able to compete in athletics, being the best wrestler in his class. He was unable to support prolonged exertion, however, because of dyspnea. Physical examination revealed a normally developed boy without cyanosis or clubbing. The blood pressure was 122/76. The precordium was moderately prominent on the left and there was a slight left dorsal scoliosis. The apex impulse was in the fifth intercostal space. The first sound was split along monary artery, pulsations of which were more conspicuous than normal. The vascular markings of the lungs were within normal limits. The electrocardiogram was normal.
RESULTS

Diagnosis by Venous Catheterization
Pressure relationships: The relevant findings with regard to the diagnosis in each case are shown in table 1. The values represent the average mean during at least one respiratory cycle and in all instances these pressures were obtained as a continuous tracing during the with- 1 and indicate the presence of pulmonic stenosis in each instance because of a significantly higher systolic pressure in the right ventricle than in the pulmonary artery1". When recorded in this fashion, such pressure differences indicate an obstruction between the right ventricle and pulmonary artery by definition, pulmonic stenosis. Typical examples of such a pressure tracing are seen in figure 1 . In one patient (Case 2), the tracing ( fig. 1, B) , though containing many artefacts, suggested the presence of a stenosis of the ostium infundibuli with a normal pulmonary artery valve. In other patients with the tetralogy of Fallot not included in this study ( fig. 1 , C)10, the pressure tracings have suggested both a valvular stenosis and a stenosis of the ostium infundibuli, since the systolic pressure in the outflow tract of the right ventricle was greater than that in the pulmonary artery and less than that in the main chamber of the right ventricle. When there is no separate upper chamber to the right ventricle, it is doubtful if pressure tracings can distinguish a valvular from the fusiform type of infundibular stenosis. Oxygen content of blood samples: In every instance, there was normal oxygen saturation of arterial blood, indicating the absence of any right-to-left shunt. It is believed that overriding of the aorta was not present in any instance because the systolic pressures in the right ventricle were not identical with those in the brachial artery10. It should be pointed out, however, that insignificant degrees of overriding cannot be entirely excluded. Samples of blood withdrawn from pulmonary artery, right ventricle, right auricle, and superior vena cava contained essentially the same amount of oxygen. In Cases 2, 5, and 8, thevariation in oxygen content of blood samples between the right ventricle and right auricle was slightly in excess of the 0.9 volume per cent variation seen in normal individuals.1 This suggests that small ventricular septal defects may have been present in these three patients, but if present they were of such small size as to have no functional significance. In Case 1, the difference in oxygen content of blood withdrawn from the pulmo-nary artery and right ventricle was 0.7 volume per cent, the upper limit of variation being 0.5 Volume per cent in control groups.'1 Since the oxygen content of blood in the pulmonary artery and right auricle were the same, it seems likely that the ventricular sampling was truly representative and unlikely that arterial blood was really entering the pulmonary artery. In Case 6, samples were not withdrawn from the right ventricle and right auricle because of other studies being made at the same time. In this case, however, the variation in oxygen content of blood from the superior vena cava and pulmonary artery was within the normal range. In summary, therefore, it cannot be stated that a small septal defect, overriding of the aorta, or patent ductus arteriosus did not exist in these patients, but if such were present, they were of such small size as to have no functional significance. In this sense, therefore, these 8 The results are shown in table 2. In general, oxygen consumption during the routine hospital metabolism was similar to that obtained during the resting state in our laboratory, indicating that the patients were in a relatively relaxed state. Ventilation, oxygen consumption, arteriovenous oxygen difference, cardiac output, and cardiac index were similar to our findings in individuals with normal cardiovascular systems.
The arteriovenous oxygen differences ranged from 31 to 62 cc./liter (table 1) and the cardiac index from 2.9 to 4.6 liters/minute/M2. Determinations of mean pressure in the pulmonary artery gave values of 13 to 20 mm. Hg. These are well within the normal range.'0' 12 Mean pressure levels in the pulmonary "capillaries" were from 5 to 14 mm. Hg which are normal values.7 The gradient between the pulmonary artery and pulmonary "capillaries" varied from 4 to 9 mm. Hg and the pulmonary vascular resistance varied from 67 to 129 dyne-second-cm.-'. These were likewise normal.7 . The middle tracing was recorded from Case. 2 Note that the systolic pressures in the pulmonary artery (LPA) and upper part of the right ventricle (RV conus) appear to be identical while that in the main chamber of the right ventricle (RV) was markedly elevated. This suggests that the stenosis was at the ostium infundibuli rather than in the infundibulum itself or in the valve.
The lower tracing was taken from a patient with the tetralogy of Fallot. Note that the systolic pressure in the main chamber of the right ventricle (RV) is higher than that in the infundibular portion of the right, ventricle (RV infundibulum) Which in turn is higher than that in the pulmonary artery (PA). These findings suggest the presence of stenosis both at the ostium infun(libuli a1i(1 the valve.
Systolic pressures in the right ventricle, on the other hand, were distinctly higher than those in the pulmonary artery in all cases. The pressure levels in the right ventricle varied from 29/1 to 99/1 mm. Hg.
The pressure gradient between the right ventricle and the pulmonary artery during systole is normally zero and the pulmonary valve resistance is therefore normally zero as calculated by the Poisseuille equation. In these patients at rest, the pressure gradient varied cur: (1) rise in the right ventricular pressure in an attempt to increase flow, and (2) marked increase in the arteriovenous oxygen difference in proportion to the cardiac output. The latter represents a circulatory adjustment to the inability of the heart to increase its output materially whether due to obstruction to flow or to myocardial insufficiency. The data set forth in table 2 indicate that mild to moderate exercise increased the right ventricular pressure, in one instance from 99/2 to 130/10 mm. Hg and in a between 4 and 43 mm. Hg and the stenosis resistance varied between 69 and 656 dyne-second-cm.-5. In patients with the tetralogy of Fallot, the resistance has varied between 900 and 4000 dyne-second-cm.-5.10 The calculation of stenosis resistance gives a much better indication of the degree of stenosis than pressures alone, and all of our patients may be considered to have had pulmonic stenosis of relatively mild degree.
Under conditions of exercise and with an obstruction to the outflow of blood from the right ventricle, it might be predicted that the following physiologic adjustments would oc-second patient from 39/4 to 77/20. That the increase in pressure was adequate to overcome the obstruction and provide for an adequate blood flow is demonstrated by a normal increase in the cardiac output that occurred (5 to 12 liters) and without any unexpected increase in the arteriovenous oxygen difference. Further, there was no indication that a failure to increase cardiac output occurred in those patients with a high right ventricular pressure.
These findings further suggest that we observed patients with a relatively mild degree of pulmonic stenosis and with an adequate right ventricle. If exercise had been pushed to the The determination of the right ventricular pressure during exercise may be accompanied by frequent premature ventricular beats, ventricular tachycardia or fibrillation, and is, therefore, an extremely dangerous procedure. Such an alarming complication (ventricular tachycardia) occurred in one patient (Case 6) and disappeared when the catheter was withdrawn into the right auricle. In this individual there was a fall in the right ventricular systolic pressure and a rise in the diastolic pressure, and at ance at the pulmonary valve or infundibulum and the abnormal rise of pressure in the right ventricle, all findings on mild and moderate exercise were within normal limits. This again emphasizes the mildness of the pulmonic stenosis of this particular group of patients and the good state of compensation of their right ventricle.
Clinical Aspects
In table 3 will be found the salient clinical findings in our cases. In no instance was a history of German measles or other exanthematous In no case was there a history of cyanosis at birth, tuberculosis, rheumatic fever, hemoptysis, chest pain, orthopnea, or edema. On physical examination, none had cyanosis, clubbing, cardiac arrhythmias, or signs of congestive heart failure. By x-ray and fluoroscopy, the left ventricle, left auricle, and hilar vascular markings appeared normal in each case. least for several minutes the pressure was elevated in the right auricle. In view of no history of limitation even with strenuous exertion, it seems likely that this elevation of right ventricular diastolic and right auricular pressures was attributable to the ventricular tachycardia. The remainder of the right auricular pressures were within normal limits.
The right ventricular pressure can be measured safely during exercise by using a double lumen catheter,'3 with the proximal outlet in the right ventricle and distal outlet in the pulmonary artery.
In summary, except for the increased resist-disease elicited among the mothers of these patients during pregnancy. Six of the 8 patients were males. In the literature, there has been no sex predisposition.'
The ages of the patients varied from 11 to 26. The younger age group is not represented because there is no pediatric service at the Peter Bent Brigham Hospital. In the literature, the age of patients at death has varied between 5 months and 75 years, the average age at death being 26 years.' Although pulmonic stenosis has been stated to predispose to tuberculosis,14 such a relationship has not been striking in the reported cases of pure pulmonic stenosis' 'I.
or in our small experience. Greene and associates' have raised serious doubts about any cause and effect relationship. None of our patients were "blue" babies; none had a history of rheumatic fever; none had tuberculosis by history or roentgenogram of the chest; none had hemoptyses; and one with stenosis of the ostium infundibuli (Case 2) had had subacute bacterial endocarditis cured with penicillin at the age of 25. Having had no limitation of activity prior to this infection, there was no way of telling whether he had improved as a result of enlargement of the stenotic opening as apparently occurred in a case reported by Pollack and associates.5 In the 68 cases reviewed by Greene and coworkers,' 26 died of congestive heart failure, 10 of tuberculosis, and 8 of subacute bacterial endocarditis.
Four of our patients gave a history of cyanosis on exertion or exposure to cold which could not be confirmed at the time of physical examination and in all cases the arterial oxygen saturation was normal (table 1). No clubbing was observed in any of the patients. In the 68 cases reviewed by Greene and collaborators,' at least 28 were cyanotic and 4 were said to have clubbing of the fingers. There has been considerable interest expressed in the late development of cyanosis in these patients. To the attending physician it suggests the complication of some right-to-left shunt. Greene and co-authors' felt that evidence for the existence of cyanosis in these individuals was not convincing. We have seen such a case with closed septa at postmortem examination (not included in this report) in whom cyanosis was a prominent feature. All observers" 1'-19 have been of the opinion that the cyanosis in these individuals is due to a slow peripheral circulation with a resultant de-oxygenation of blood in the tissues. This leads to a low venous oxygen and a type of cyanosis which Peacock20 first pointed out was more reddish-blue than blue. With this observation we are in agreement. Arnett and Long'8 found the arterial oxygen saturation to be 94.7 per cent in a cyanotic patient with pulmonic stenosis and a foramen ovale considered to be functionally closed. Perhaps the simplest test for excluding a right-to-left shunt in these individuals is the circulation time as Garrison and Feldt'5 suggested. A circulation time of 5 or 6 seconds suggests a right-to-left shunt; with a prolonged circulation time, the cyanosis would not be on a shunt basis. From studying case reports'5-'7' [20] [21] [22] [23] [24] [25] it is apparent that the cyanosis appears at about the time that symptoms and signs of heart failure appear.
All of our patients were normally developed. Three could be described as husky. Three had no physical limitations even on extreme activity, three were limited only on extreme exertion, and two on moderate exertion. None had symptoms at rest and none gave any history of progressive decrease in exercise tolerance. Since all of these patients were doing well, they do not represent a true cross section of this disease. In 13 carefully described cases in the literature who developed heart failure'6, 17, 20-22, 24 (Cases 4, 6, 8-10) 26-28 the type of failure encountered was almost exclusively that of chronic congestion of the viscera with hepatomegaly, ascites, and edema. In none was there evidence of pulmonary congestion except agonally or where pulmonary or left ventricular pathology could have been responsible.2" 24 (Case8) ,25, 26'28Precordial pain has been observed by us frequently in patients with the tetralogy of Fallot, but none of our patients with simple pulmonic stenosis complained of chest discomfort, although it has been reported by others.6' 17, 21 Physical examination of our patients showed that they had a normal development. This would obviously be a variable finding, depending on the severity of the stenosis during the growing period. In severe cases, growth and development have been reported to be retarded in a number of instances.'1'7' 22, 23, 24 (Cases 7-9)
The heart may or may not be enlarged clinically depending on the severity of the pulmonic stenosis and its duration. Although the rhythm was regular in our cases, ventricular premature beats,23 auricular fibrillation,'6 and auricular flutter'6 have been reported. In all of our cases, there was a harsh systolic murmur which was maximal in the second, third, or fourth intercostal space just to the left of the sternum. It varied in loudness from Grade 2 to Grade 6. Currens, Kinney, and White24 believed that there was a correlation between the intensity of the murmur and the degree of stenosis, and this has, in general, been our experience (table 3) . Blackford and Parker'. published the first heart sound tracings of the murmur in pure pulmonic stenosis. Figure 2 shows examples disease) or atrial septal defect. Although it has been suggested that when located in the second left intercostal space the murmur was more characteristic of a valvular stenosis and when lower of an infundibular stenosis, Guinsbourg29 was unable to differentiate the type of stenosis from several of our patients. It usually has a "diamond-shape"; that is, it is loudest in midsystole. Such a "shape" is not pathognomonic for this condition, however, since it has been found in other disorders and is not uniformly found in pulmonic stenosis. Its location likewise has not served to differentiate this murmur from that of ventricular septal defect (Roger's by the location of the murmur. The murmur is usually but not always accompanied by a palpable thrill as Laubry and Pezzi30 emphasized. It may be widely transmitted over the precordium and back, or its transmission may be fairly limited. Laubry and Pezzi30 attached considerable diagnostic importance to the lack of transmission above the clavicle, and this has in general been our experience and that of Brown.2 Currens, Kinney, and White,24 however, stated that the murmur was characteristically transmitted into the neck. The pulmonic second may be normal, decreased, or increased in intensity. In 4 cases of pulmonic stenosis with elevated pressures in the right ventricle on venous catheterization, Greene and co-workers' foun the pulmonic secon sound to be normal or decreased. In 4 cases with a higher pressure in the right ventricle than in the pulmonary artery in whom the right ventricular pressure was still within the range of normal, the pulmonic second sound was increased. These authors considered the patients to have idiopathic congenital dilation of the pulmonary artery. In our limited experience the pulmonic second sound has been loudest in those with the mildest stenosis (tables 1 and 3) but this rule does not hold in patients with the tetralogy of Fallot.10 Currens, Kinney, and White24 expressed the opinion that the second sound in the pulmonic area was probably derived from closure of the aortic valve in these cases. In one of our patients, a soft blowing, short, early diastolic murmur was noted, presumably indicating some insufficiency of the pulmonic valve. Pulmonic diastolic murmurs have been reported by others in cases of pure pulmonic stenosis.16 22, 23, 24 (Cases 4, 8. and 10), 25, 26 Roentgen Examnination of the Heart
The roentgenologic aspects of uncomplicated pulmonic stenosis have been well described.2, 30 :12 In 1918, Vaquez and Bordet31 pointed out three cardinal x-ray manifestations of pure pulmonic stenosis: (1) prominent right auricle and right ventricle; (2) normal left auricle and left ventricle; and (3) prominent pulmonary artery. To this, we would add a fourth: normal or decreased pulmonary (hilar) vascular markings.
Twelve autopsied cases of simple pulmonic stenosis with roentgenographic studies have been reported.'5-17, 23. 24 (Cases 4, 7, 8, and 10) [25] [26] [27] [28] In 10, the heart was considered to be enlarged and in 215, 24 (Case 4 of normal size. In seven, the pulmonary artery was stated to be prominent.15, 17, 23, 24 (Cases 4 and 10) 25, 27 In one,17 both the right auricle and left ventricle appeared to be enlarged. In other cases, the size of the various chambers was not described.
Our 8 cases were studied fluoroscopically and films were taken in the posterior-anterior, right anterior oblique, and left anterior o0)lique positions. Postero-anterior kymograms were obtained in some. Measurements of heart size in accordance with the Ungerlieder and Clark33 standards revealed cardiac enlargement in only one of the patients (Case 2) with iecent subacute bacterial endocarditis. Figure 3 illustrates the cardiac silhouette in several of our cases. Four of our cases showed apparent enlargement of the right auricle, slight in 3, and moderate in one. Slight enlargement of the right ventricle was noted in 2 of our cases, both associated with right auricular enlargement. Left auricular enlargement was present in none. The left ventricle appeared enlarged in one patient (Case 2) but the electrocardiogram showed right ventricular hypertrophy.
In six cases there was prominence of the ptulmonary artery. In 2 cases, this prominence was marked, in 2 moderate, and in 2 slight. The degree of enlargement of the pulmonary truniiik appeared to bear no relationship to the degree of stenosis. In 4 cases, there was an increased amplitude of pulsation of the pulmonary artery fluoroscopically or by kymogram. Fluoroscopically and by plain x-ray film, the appearance of the intrapulmonary vascular markings wvas normal. From published x-ray studies on an topsied cases,7 21 212 this has likewise becii. the case. In no instance was there a hilar dancye and in none of our cases were the vas(cul.ar markings of the lung actually decreased in (contrast to the usual finding in the tetralogy of Fallot where pulmonary blood flow is re(luced to a much greater extent than in the cases here reported.
In our experience, therefore, two of the three criteria set forth by Vaquez and Bordet31 were constant, that is, normal left auricle and left ventricle, and in six of our eight cases a prominent pulmonary artery. With regard to the right auricle and ventricle, however, enlargement of these chambers was not always apparent in mild cases either by fluoroscopy or by electrocardiogram. In more severe cases, en-largement was readily apparent. The fourth characteristic-normal or decreased hilar vascular markings-was a uniform finding and is of considerable differential significance.
twice."6' 23 Right ventricular hypertrophy was reported in 2 of the cases of Pollack and associates5 in which the diagnosis was made by cardiac catheterization. 
Electrocardiographic Findings
Right axis deviation has been the usual electrocardiographic finding in simple pulmonic stenosis15' 17, 24 (Cases 4 and 9) , 25, 27 and right bundle branch block has been reported At least twelve leads were taken in our 8 cases, including the three standard leads, three unipolar limb leads (augmented technic with resistances retained), and six unipolar chest leads after the manner of Wilson.34 In selected cases additional leads including the ensiform Lead VE and one or more leads to the right of V1 (V3R and so forth) were also taken. In all 8 cases the duration of the P-R and QRS intervals was measured and the mean electrical axis and White-Bock axis deviation index calculated. An axis deviation index of plus 20 is very good evidence of left ventricular hypertrophy; of minus 13 or less, fairly good evidence of right ventricular hypertrophy. This determination gives weight to the absolute magnitude of the various components of the QRS complex and thus probably represents the actual electrical effects of each ventricle much better than does the mean electrical axis. On the basis of the electrical potentials at the left shoulder and left leg in their relation to the precordial potentials34, the electrical position of the heart was then determined. It is worthy of emphasis that this may or may not correspond to the anatomic axis of the heart. On the basis of the criteria of Wilson,35 it was then decided from the precordial potentials whether right or left ventricular hypertrophy was present. Finally, the ventricular intrinsic deflections were measured over the right and left ventricle (usually from Leads V1 and V6, respectively) correctly to the nearest 0.01 second. This measurement signals the moment of electrical activation of the myocardial tissue immediately underlying the precordial electrode and this was taken as the point of origin of the final rapid downward deflection of the ventricular complex.
The results of this study are shown in table 3 and illustrated in figures 4 and 5. Five of the 8 individuals showed a mean electrical axis of plus 90 or more and on that basis would be considered to have right axis deviation. In 3 cases the axis deviation index was minus 13 or less; these were the three whose mean electrical axes were the furthest to the right. In the remaining 5 cases the axis deviation index lay within the normal range of minus 13 to plus 20. The electrical position of the heart was vertical in 5 cases and intermediate in 3.
In Cases 1 and 2, tall R waves were recorded at the right shoulder (Lead aVR) that almost equaled the magnitude of the preceding Q wave. In four other cases the R wave in aVR was more prominent than usual. This may be the result of posterior rotation of the left ventricle which thus casts its electrical shadow at the right shoulder36 or of late electrical activation of the base of the outer wall of the right ventricle which may be in relation to the right shoulder. 38 The intrinsic deflection was inscribed later over the right than the left ventricle in 5 cases. In 2 of these patients (Cases 2 and 3) the diagnosis of right ventricular hypertrophy and in 3 (Cases 1, 4, and 6) on the basis of a secondary R wave (R'), the diagnosis of incomplete right bundle branch block seemed justified. Since persistent incomplete right bundle branch block is also very good evidence of right ventricular hypertrophy37 the electrocardiographic diagnosis of right ventricular hypertrophy was made in all five cases with late intrinsic deflections over the right ventricle.
In 3 patients (Cases 5, 7, and 8), the intrinsic deflections of the ventricular complex were inscribed earlier over the right than the left ventricle. In 2 of these patients (Cases 7 and 8) the QRS duration was 0.08 and 0.10 second, respectively. In these cases the tracings were interpreted as normal. From their hemodynamics (table 1), these patients had pulmonic stenosis of mild degree. In the third patient (Case 5) the QRS duration was 0.12 second, the R waves were tall in Leads V5, V6, and V7, the RS-T segment depressed and T waves biphasic in V5, and a small Q wave was present in V7. Although the evidence is not conclusive, the tracings in this case were regarded as very suggestive of left ventricular hypertrophy with intraventricular block.
Tall, sharply peaked P waves in Leads II and III ("P pulmonale") have long been regarded as collateral evidence of right ventricular hypertrophy. In only one case in this group were such P waves recorded. This was in Case 3 in whom P2 measured 3.5 and P3 2.5 millimeters. In this case the P wave was directed downward at the right shoulder (aVR) and left shoulder (aVL) and was upright at the left leg (aVF). The large voltage of the P waves was clearly the algebraic summation of these effects(Lead IIequa 2(aVF -aVR) effects Lea I1 equals and STUDIES OF CONGENITAL HEART 1)ISEASIL, 2(aVF aVL)\ Lead III equals F ) -and not the result of prominent P waves at the left leg.
The most frequent single finding in this group of cases was late electrical activation of the right ventricle, whether due to right ven- Middle two trucings (Case no. 6) show alII-shaitped QRS Complex in V31R and V, suggesting incomplete right bundle branch block. The ensiform Lead VE here resembles a V1; and records the potential of the posterior aspect of the hetart.
Lower two tracings (Case 3) reveal a tall R wave in V1 (exceeding the R wave in V2), depressed RS-T segment in V1 and V2 and inverted T wave inV1 through V4. Lead V21R would have lbeen helpful in this case. Tall P. and P} ("P pulmonale") are a consequence of aln inverted P wave in Leads a1VR and aVL and of the ulpright I' wave ini a.Vl. anld hence are exl)lained by the vertical position of the heart.
Here then the prominent PI waves were the result of the position of the heart. tricular hypertrophy or to incomplete right bundle branch block or to b)oth. Considering 280 l> i, , persistent incomplete tight blundle branch block an evidence of right ventricular hypertrophy, this diagnosis coulll be made in five of the eight cases. Right axis deviation, as manifested by a mean electrical axis to the right of plus 90 degrees, was noted in most cases lbut this change is nonspecific and can be produce(d merely by a vertical position of the heart. An trophv relationships is deliberately avoided here. However, in the five cases of right yentricular hypertr ophy as determined electrocardiographically, it can he assumed that the increased right ventricular pressure reco(lded manometrically was o)f sufficient duration and (legree to have le(l to right ventricular hypertrophy. axis (leviation inclex of less than minus 13 was less frequently noted. Prominent P waves in Lea(ls 11 and III were observed only once and in that case could likewise be explained as the result of the vertical position of the heart. But, in the last analysis it was the study of multiple lrecordial leads which gave the decisive evidence for the diagnosis of right ventricular hypertrophy.
In view of the absence of correlative anatomic data. a discussion of the controversial subject of the stress-strain or pressure-hyper-l)ISCUSSION Fr equectncy: Simple pulmonic stenosis hais been considered a rarity and yet on the basis of venous catheterization we have found it, to be relatively common. Keith Although he wvas primarily interested in studying the developmental aspects of these abnolmalities rather than in pointing out the frequency of specific lesions, it is apparent that uncomplicated pulmonic stenosis was not considered by him to be rare. In 19 cases of stenosis of the ostium infundibuli, he found that 9 had an associated ventricular septal defect, 3 patent ductus arteriosus, and 2 patent foramen ovale. By implication, the remaining 5 of the 19 were unassociated with other defects. In 44 cases with a fusiform type of infundibular stenosis, he stated that an interventricular foramen was present in over half and that in a few, patent ductus arteriosus or patent foramen ovale was present. Again, it is implied that the uncomplicated lesion was not rare. Since then, all writers have stressed its rarity. Abbott,'9 for example, made note in her Atlas of only 9 cases among 1,000 congenital hearts. It is not clear at this time why there is such a discrepancy between pathologic findings and physiologic evidence of obstruction between the right ventricle and pulmonary artery as indicated by pressure tracings. One wonders if mild pulmonic stenosis, especially of the fusiform variety, would be readily recognized by routine postmortem examination. Brown2 has suggested that in cases of subaortic stenosis the anatomic condition can be studied by introducing a rubber condom, filling it with plaster of Paris, and thus obtaining a cast of the aorta and the stenotic area. This might be the best way of studying the fusiform type of infundibular pulmonic stenosis. Stenosis of the valve and of the ostium infundibuli should afford no difficulty in recognition. It seems doubtful if the reason for the frequency of pulmonic stenosis by venous catheterization and its rarity at postmortem examination will be clarified until careful postmortem examinations of these hearts are carried out.
Pathologic anatomy: Keith39 was the first to classify the types of pulmonic stenosis that. occur congenitally and little pertaining to this discussion has been added since 1909. There are two distinctly different types, the valvular and the infundibular, and the latter may be of two sorts.
In valvular stenosis, there is a fusion of the valve leaflets which form a dome with a central aperture of variable size.
The second type is the so-called infundibular (or conus) stenosis in which the stenotic area is in the right ventricle rather than in the valve. Two types of infundibular stenosis were described by Keith and, because of presentday surgical implications, these two types should perhaps be borne in mind, although they apparently represent variations on a common theme. Keith pointed out that the mammalian heart consisted of the sinus venosus, the auricles, the ventricles, and the bulbus cordis. Just as the sinus venosus becomes incorporated in the right auricle, the bulbus cordis becomes included in the right ventricle forming the part known as the infundibulum, conus, or outflow tract. A large number of the common malformations of the human heart are due to arrest of the process which ends in the incorporation of the bulbus cordis into the ventricles. Thus infundibular pulmonic stenosis has, as its counterpart on the left, subaortic stenosis.
In the first type of infundibular stenosis (fusiform type), there is a narrowing of the infundibular cavity to such an extent as to produce an obstruction to blood flow. This narrowing is located between the main chamber of the right ventricle and the valve and according to Keith is due to arrest in its developmental expansion. Fusion of the pulmonary valve leaflets were observed rather frequently in Keith's hearts. The narrowed area in pulmonic stenosis is sometimes striking. In the patient reported by Currens, Kinney, and White 24 (Case 7) the diameter of the pulmonary ring was only 1.5 mm. and in at least 3 other reported cases it was only 2.0 mm. '2, 15, 17 Limitations of venous catheterization in distinguishing these three types of pulmonic stenosis have already been discussed. Angiocardiography might serve this purpose better. 40 In 68 autopsied cases of pure pulmonic stenosis reviewed by Greene and coworkers,' the right ventricle was enlarged in all but 5. The right auricle is often enlarged '6' 17, 22, 23, 24 (Cases 9 and 10), 25, 27 but may be of normal size.'l 24 (cases 4 and 6) Occasionally enlargement of the left ventricle has been described." ' 28 In each instance, however, there were other causes for the enlargement of the left side of the heart.
In no instance to our knowledge has the left auricle been described as enlarged. The lungs have been reported to be singularly free of evidence of chronic passive congestion at au-tOpsy' 5-17, 20, 22-24, 26-28 and in three instances'21, 24 (Case 8), 25 in which this finding has been described, it appeared from the description to be an agonal complication. Chronic passive congestion of the viscera is the usual finding in those dying in heart failure", 17, 20, 24 (Cases 4, 7-10) 25. 27 and in this respect tallies xvell with the clinical findings.
In the 68 autopsied cases reported by Greene and associates,' the pulmonary artery was enlarged in 33 instances, was of normal size in 19, and in the remainder of the cases, its size was not mentioned. In most of our own cases x-ray examination revealed enlargement. Considerable interest has attached to the enlargement of the pulmonary artery in these and in other cases with associated defects. Peacock 20 stated that the pulmonary artery was enlarged in simple pulmonic stenosis and was usually small when pulmonic stenosis and ventricular septal defect were associated. Bernard41 attribuited the poststenotic dilatation to stasis of blood with increased pressure beyond the point of stenosis. Solmon 42 disagreed, stating that the pressure should be decreased beyond the point of stenosis. He believed that concomitant tuberculosis produced a loss of elasticity and in turn a dilatation of the vessel. Laubry and Pezzi30 attributed poststenotic dilatation to malnutrition of the vessel walls, Potain and Rendu43 to a concomitant endarteritis resulting from malnutrition of the walls of the pulmonary artery, Frerichs44 and Currens, Kinney, and White24 to an associated pulmonic insufficiency, and Paul415 to congenital weakness of the vessel. Cavina4f6 was the first to exclude this latter possibility by producing pulmonary stenosis experimentally in puppies. The pulmonary artery dilated beyond the point of obstruction. The media and adventitia became thinned and the intima became hyperplastic. This is the usual histologic change that has been described in human cases.
In our experience, dilatation of the pulmonary artery is rare in patients with the tetralogy of Fallot and common in those with simple pulmonic stenosis. The main differences in these two groups of patients are that the blood flow, mean pressure, and pulse pressure in the pulmonary artery are low in the tetralogy group and are normal or near normal in those with simple pulmonic stenosis, at least in the eight patients here reported (table 1) . Whatever the explanation of the poststenotic dilatation, it does not usually extend beyond the bifurcation of the pulmonary artery. In some, the vessel walls are of normal thickness but in others they become hypoplastic and as thin as tissue paper. 10 Recently, Greene and coworkers' reported 4 cases of what they considered to be idiopathic congenital dilatation of the pulmonary artery. In these individuals, the pulmonary artery was abnormally large by roentgenogram. There was a higher pressure in the right ventricle than in the pulmonary artery, but the right ventricular pressure was not sufficiently elevated to be considered above the range of normal. Because of the normal pressure in the right ventricle and low pressure in the pulmonary artery in the presence of a dilated pulmonary artery, they attributed the pressure difference not to a narrow outlet between right ventricle and pulmonary artery (pulmonic stenosis) but to a pre-existing dilated pulmonary artery. In this instance, "pressure is dissipated as the result of an abnormal deformability of the pulmonary artery and of its main branches due to dilatation and the thinness of the wall and because the flow at the site of the dilatation becomes turbulent. The systolic pressure in the right ventricle obviously should not be increased."
It would appear to us that this conclusion should be considered in greater detail from the hemodynamic standpoint. The possibility is suggested that during exercise the pressure in the right ventricle might rise abruptly without similar rises of pressure in the pulmonary artery as in Cases 2 and 6 of the present study. It is also to be noted that in acquired dilatation of the pulmonary artery in association with atrial septal defect, there is no significant difference in the systolic pressures in the right ventricle and pulmonary artery despite at times enormous dilatation of the vessel and large blood flows through it, both of which should exaggerate the pressure differences over and above those present in simple pulmonic sten-osis where blood flows are within the normal range. Cases 5, 7, and 8 had right ventricular pressures which were within or practically within the normal range. In view of the above considerations, we believe them to be examples of dilatation of the pulmonary artery secondary to mild pulmonic stenosis rather than of idiopathic congenital dilatation of the vessel. Our criteria for diagnosis of the latter condition would include the absence of any systolic pressure difference between right ventricle and pulmonary artery and the absence of any abnormal elevation of pressure in, or blood flow through the pulmonary artery at rest. To date we have encountered only one such case.
Prognosis: The outlook is related to the deglee of stenosis. In none of our cases was the calculated stenosis resistance high, indicating that pulmonary obstruction was of mild degree. All the patients were doing well without restriction. From the literature patients may die in infancy or live a normal life span. Previously, subacute bacterial endocarditis was a major threat. With the advent of antibiotics, this complication is still serious but less so than before. Pollack and associates' observed striking improvement in a patient following cure of subacute bacterial endocarditis and postulated that the infection had served to widen the stenotic area. Congestive heart failure is the natural sequel in all but the mildest cases. Surgical intervention has already been under-taken47 and it would seem reasonable to suppose that as the operative technique becomes perfected, pulmonic stenosis will be another example of curable heart disease.
Diagnosis: The important and almost diagnostic findings in pulmonic stenosis are: (1) a pulmonic systolic murmur as described; (2) a prominent pulmonary artery as demonstrated by x-ray and fluoroscopic studies; (3) normal or decreased pulmonary vascular markings by x-ray examination; and (4) right ventricular hypertrophy by electrocardiogram. The only constant finding is the murmur which by itself is not diagnostic. An enlarged pulmonary artery is not always present and the electrocardiogram may show no ventricular hypertrophy in the presence of mild pulmonic stenosis. It is then difficult, if, indeed, possible to differentiate these cases from simple ventricular septal defect (Roger's disease) or from a small atrial septal defect without resorting to venous catheterization. In our experience, simple ventricular septal defect is rare. In her Atlas, Abbott19 listed 50 in 1,000 cases of congenital heart disease as opposed to only 9 cases of pure pulmonic stenosis. Keith,391 48 on the other hand, seemed to observe pulmonic stenosis relatively frequently, although precise figures are lacking, and simple ventricular septal defect only 9 times in 272 cases. In all but the mildest cases of atrial septal defect, ventricular septal defect, Eisenmenger's complex, pulmonary vascular disease, and patent ductus arteriosus, the pulmonary vascular markings are accentuated. In all of these conditions with the exception of patent ductus arteriosus, the murmur may be identical with that of simple pulmonic stenosis.
The appearance of cyanosis in these individuals may be misleading, the main differential being the tetralogy of Fallot, Eisenmenger's complex, and atrial septal defect with or without associated defects. In the tetralogy of Fallot, cyanosis dates from birth. In atrial septal defect and Eisenmenger's complex, cyanosis usually appears late in the course of the disease, but pulmonary vascular markings are prominent by x-ray examination.
Differentiation of simple pulmonic stenosis from pulmonic stenosis with an associated ventricular septal defect but without overriding of the aorta has been impossible in our experience without the use of venous catheterization. Depending on the relative pressures in the right and left ventricles, the shunt may be from left-to-right (acyanotic) or from right-to-left (cyanotic) .10 SUMMARY 1. Eight cases of physiologically uncomplicated congenital pulmonic stenosis are reported and discussed in relation to other reported cases.
2. Diagnosis was made by cardiac catheterization with the finding of a significantly higher systolic pressure in the right ventricle than in the pulmonary artery.
3. In none of our cases was the stenosis of severe degree as indicated by history, calculated degree of stenosis, and circulatory dynamics in response to exercise. 4. Although uncomplicate(d pulmonic stenosis has always been considered a rare condition, it would appear to be one of the common types of congenital heart disease as indicated hy cardiac catheterization.
5. All degrees of mildness ancl severity of stenosis may occur. with resulting short or long life span.
(). Cyanosis and even ilul)bing of the digits may appear late in the course of the disease, the cyanosis apparently being on the basis of a poor peripheral circulation. 7. Cardiac failure when it (loes occur is characterized by peripheral chronic passiXv congestion, the lungs remaining remarkably fee of rales and edema.
8. The murmur is systolic in time, is maximal in the second, third or fourth left intercostal space, may be wiclely transmitted over the precordium and back, but its transmission into the neck is minimal or absent. Its loudness bears little relation to the sev-erity of the stenosis. There is occasionally an associated diastolic murmur of insufficiency. The ptulmonic second sound may be normal, diminished, or increased in intensity. 9. Arrhythmias may ocCUr' but are not common.
10. The characteristic ioentgenologic pattern is enlargement of the pulmonary artery, normal or decreased pulmonary vascular markings, a left auricle and ventricle of normal size, and, if the stenosis is severe or of long standing, enlargement of the right ventricle and auricle. 11. Electrocardiographically, 2 of our 8 patients had right ventricular hypertrophy, 3 had incomplete right bundle branch block, 2 had normal tracings, and l had changes suggestive of left ventricular hypertrophy with intraventricular block.
12. Pathologically, puilmonic stenosis may l)e valvular, may be represented by a fulsiform nailrowing of the infundibular portion of the right ventricle, or may be a narrowing of the ostium infundibuli between the main (lower) ancl infundibular (upper) chamber of the right ventricle. By pressure tracings, it seems doubt-ful if the first two can be distinguishe(l from one another, but Case 2 is thought to be in(licative of stenosis of the ostium. 13 . Additional findings at autopsy include an enlargement of the right auricle and ventricle, no enlargement of the left auricle and ventricle, dilatation of the pulmonary artery the nature of which has not yet been elucidated despite considerable speculation, and chronic passive congestion of the viscera but not of the lungs. 
